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ABSTRACT

The magnitude 6.8 January 17, 1994 Northridge Earthquake was centered under the
densely populated San Fernando Valley northeast of Los Angeles, California. At the
request of the Department of Housing and Urban Development (HUD), the Building
and Fire Research Laboratory (BFRL) of the National Institute of Standards and
Technology (NIST) conducted field observations of multi-family residences three
stories or more in height in the affected area for the purposes of identifying common
damage states in residential construction. Sixty-nine HUD-affiliated sites, totalling
425 buildings and over 10,000 living units, were visually examined from the exterior
and interior. Buildings were selected for observation based on distance from the
epicenter and amount of damage. Examinations were documented on a data collection
form and with photographs. By collecting information primarily on damaged
buildings, it was possible to identify typical types and degrees of damage to
residential buildings. Only a few HUD-affiliated buildings were severely damaged.
By and large the damage observed was minor and cosmetic, consisting largely of
cracks to interior and exterior wall surfaces. Nevertheless, this type of nonstructural
damage will be costly to repair. Documentation of the costs of repairing Northridge
earthquake damage would greatly expand the existing body of knowledge on this
subject. The damage observations suggest that further studies of the social and
economic costs of earthquake damage are needed, along with studies of the costs and
benefits of more stringent seismic design and construction requirements. These
studies would illuminate many of the issues surrounding the current debate over
whether seismic requirements for new and renovated construction should be upgraded
to mandate property protection as well as protection of human life.
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L INTRODUCTION
A. Introduction to the earthquake

A strong earthquake centered under the community of Northridge in the San Fernando
Valley shook the entire Los Angeles area at 4:31 a.m. local time on Monday, January
17, 1994. The surface wave magnitude, originally estimated at 6.6, was later revised
upward to 6.8. January 17 was a Federal holiday (Martin Luther King’s Birthday)
and, because of this and the early morning hour, most non-residential buildings were
empty and traffic was light. This fortuitous circumstance helped limit the number of
deaths and injuries. '

This earthquake, though not as large as the 1989 magnitude 7.1 Loma Prieta
earthquake, affected more people and caused more damage because it occurred in a
heavily populated area. The epicenter of the Loma Prieta quake was about 95 km
from downtown San Francisco, in a sparsely populated region of the Santa Cruz
mountains. The epicenter of the Northridge quake was directly beneath a suburban
area of houses, apartment buildings, shopping malls, hospitals, schools, and a
university campus. With damages estimated at $30 billion, the earthquake seems
likely to become the United States’ most costly natural disaster to date.

The impact on the built environment was high. Many two and three-story apartment
buildings collapsed or were severely damaged. Hundreds of single-family homes
suffered minor, but disruptive damage. Several large commercial buildings collapsed.
Hundreds of shops and offices were closed because of nonstructural damage such as
fallen ceiling tiles and broken glass. Several hospitals were forced to evacuate their
patients. The entire Los Angeles County school system was shut down to allow for
cleanup and damage repair. Eight large public parking garages suffered partial or
complete collapse. Seven major highway bridges were severely damaged or destroyed
by the shaking. Water mains broke and flooded streets; gas lines broke and in some
instances started significant fires. The entire Los Angeles area lost electric power.

As of Feb. 14, the Los Angeles Department of the Coroner had attributed a total of
58 deaths to the earthquake. About 1,500 people were admitted to hospitals with
major injuries; another 16,000 or so were treated and released. Estimates of the
number of people temporarily or permanently displaced because of damage to their
houses or apartments ranged from 80,000 to 125,000. As of early February, over
400,000 people had registered for various types of Federal disaster assistance.

Although the earthquake caused significant damage and disruption, it also created an
unprecedented opportunity to learn about earthquake mechanisms and effects.

B. Introduction to the project
Following the Northridge earthquake, the Department of Housing and Urban
Development (HUD) entered into an agreement with the Building and Fire Research

Laboratory (BFRL) of the National Institute of Standards and Technology (NIST) to
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document damage in residential buildings of three stories or more in height. Usually,
the focus of immediate post-earthquake reconnaissance activities is on documenting
cases of spectacular or unusual damage to structures. The HUD/BFRL study was
intended to identify common, rather than spectacular, damage in multi-family
residential construction.

The Northridge earthquake was unique in the history of the United States in that it
was centered under a heavily populated area. More buildings of varying ages and
structural types were severely shaken by the Northridge earthquake than in any
previous seismic event in this country. Spectacular damage was limited to the
collapse of a handful of concrete commercial buildings and to a number of three-story
apartment buildings in the epicentral area. Less spectacular but nevertheless
disruptive and costly damage was widespread. By documenting the types of damage
that occurred in multi-family residential buildings, the HUD/BFRL study collected
information that can be used for identifying possible weaknesses in current design
codes and standards for new residential buildings, appraising the impact of
rehabilitation requirements for existing buildings, and assessing potential
improvements to HUD program requirements.

HUD funded two additional studies of the performance of residential buildings in the
Northridge earthquake. The first was a study of the behavior of low-rise (two stories
or fewer) single and multi-family residences, conducted by the National Association
of Home Builders Research Center (NAHB RC). The core of the NAHB RC study
consisted of an examination of the performance of a statistically random sample of
single-family homes in the earthquake-affected area. The second study was conducted
by the consulting firm of Wiss, Janney, Elstner Associates, Inc. In this study,
earthquake and fire damage to manufactured housing was investigated.



II. SCOPE

The goal of the HUD/BFRL study is to document typical damage in multi-family
residential construction, in order to capture transient information generated by the
Northridge earthquake that could be used for further, in-depth studies of technical and
policy issues.

A. Scope

The study was organized to concentrate on multi-family residences three stories or
higher that had been affected by the Northridge earthquake. No restrictions were
placed on the age or structural type of the buildings to be examined; a goal was
established to investigate broad spectrum of building types. HUD-affiliated buildings
formed the pool of candidate structures.

The study was designed to focus on damaged buildings. Documentation of a small
number of buildings with exceptionally good performance was established as a
secondary goal.

B. Limitations

The group of buildings inspected in this study is not 2 statistically random sample of
multi-family residences in the affected area. The study was not designed to provide
estimates of the extent or probability of damage. Rather, the study is intended to
serve as documentation of building performance in damaged multi-family residential
buildings. Therefore, only qualitative conclusions can be drawn from this sample
about the likelihood of damage to certain classes of construction in future
earthquakes.

Building performance was documented on data-collection forms during on-site
inspections. Where available, building plans were examined to verify data on
structural types, configuration, dimensions and other parameters. Engineering
analyses of the buildings were not performed.

m. METHODOLOGY
A. Selection of buildings

In order to make best use of resources and time available, HUD and BFRL agreed
that the study should focus on damaged buildings, rather than attempting a
comprehensive survey of building performance. Much of the information of interest
from a technical perspective is rapidly lost in the days and weeks following an
earthquake, as damaged buildings are repaired or demolished. Lack of damage in an
earthquake is not a transient condition requiring immediate action; information on
undamaged buildings can be collected at any time. Therefore, the focus in this study
was on damaged buildings.



Several sources of information on damaged buildings were assessed for their
usefulness in identifying buildings for inclusion in the study. These included a list,
generated by the Los Angeles HUD office, of HUD-affiliated buildings damaged by
the earthquake, and the California Office of Emergency Services/Earthquake
Engineering Research Institute Clearinghouse list of damaged buildings. The list of
HUD-affiliated properties was chosen as the primary source for selecting buildings for
the study. The assistance of the Los Angeles HUD office made it possible to arrange
for the BFRL inspection teams to examine the interiors of these buildings.

The list of HUD-affiliated damaged buildings provided to BFRL originally contained
about 200 sites. These sites were screened by reviewing HUD damage reports and
performing drive-by inspections. Buildings two stories or less in height were
generally eliminated from the list of candidate buildings. (The names and locations of
all two-story buildings were forwarded to NAHB RC for their information.)

Buildings with very minor or no damage were eliminated from the list. A few
buildings with exceptionally good performance (very minor damage in neighborhoods
where more extensive damage was common) were retained on the list of candidate
buildings.

A few sites with two-story buildings were retained in the sample. Some sites from
the HUD list included three- and two-story buildings at a single site. These sites
were included in the final sample. At some sites, there were two-story buildings with
strong structural and architectural resemblances to three-story buildings. In these
cases, the decision was made to retain the site in the study. At other sites, because of
sloped lots or lower level parking, determining the number of stories was not
straightforward. When a building could be considered as either two or three stories,
it was retained in the sample.

The Los Angeles HUD office provided the BFRL investigation team with contacts for
each of the candidate sites. The BFRL team arranged for inspection, preferably in
the company of a site representative (building manager, engineer, etc.), of as many
candidate sites as possible. Only rarely did the local building manager decline to co-
operate with the study.

After a majority of the sites had been visited, the national HUD office in Washington,
DC was briefed on preliminary findings. At the suggestion of the national HUD
office, Public Housing projects were substituted into the list of buildings to be
examined for damage in lieu of some of the remaining sites from the original list.
The HUD-affiliated sites visited in the early stages of the investigation were generally
pre-existing when they entered a HUD program. Public Housing projects were
typically newly built under HUD programs. The national HUD office wished to
include buildings constructed specifically under HUD programs in the survey. With
cooperation from the local Public Housing Authorities, inspections were arranged at
14 Public Housing projects, consisting of 231 buildings. The sites were selected by
the local Public Housing Authorities, and included several projects with two-story
buildings. Although public housing projects are affiliated with HUD programs, for



some comparisons in this report, public housing projects (PH) are considered
separately from the other types of HUD-affiliated (HA) buildings.

During the early stages of planning the study, HUD requested that non-HUD-affiliated
buildings be included in the study. Preliminary field work indicated that the HUD-
affiliated buildings selected for study were generally representative of the overall
building population in the affected area. Ata meeting in Washington, DC on March
24, 1994, both HUD and BFRL agreed that there was no reason to believe that the
construction of the HUD-affiliated properties differed significantly from non-HUD-
affiliated buildings. The relatively ready access to the interior of HUD-affiliated
buildings made the expected quality of data available from these buildings very high
compared to data that could be acquired from exterior-only inspection of non-HUD-
affiliated buildings. Therefore, emphasis on non-HUD buildings was reduced. The
BFRL investigation teams did document on film and in field notes the condition of
particularly noteworthy examples of damage in the vicinity of the HUD-affiliated
buildings, but formal files with data-collection forms were not created.

A total of 69 sites were included in the study. The sites collectively contained 425
buildings and a total of over 10,000 living units. A list of buildings surveyed is
included in Table A.

B. Survey methodology
1. Selection of data-collection format

To ensure uniformity of data-collection, a common format for use by the BFRL
investigation teams was needed. BFRL evaluated several existing data-collection
forms and considered the option of developing a new form specifically for this
project.

The data-collection form used by NAHB in their study of low-rise residential
buildings was considered and rejected. The form, while appropriate for documenting
the condition of simple wood-frame and masonry structures, did not provide a
framework sufficient for documenting larger, more complex structures or structures
built of other materials.

An Applied Technology Council (ATC) document, known as ATC-20 [1], which is
the basis for most post-earthquake damage assessments performed by building
inspectors, was also considered. This form is intended to be used in a very rapid
screening process to separate buildings which are clearly hazardous from those which
are clearly safe. This form was judged to be inadequate for documenting the more
detailed examination that BFRL would be performing.

Very shortly after the earthquake, ATC initiated a project to collect data on the
performance of buildings that had been seismically instrumented, and the adjacent
buildings. BFRL reviewed the form used for this effort, and determined that it was
well-suited to the needs of the HUD/BFRL study. With the permission of ATC and
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Table A - Site Identification

NAME ADDRESS cy UNITS  BLDGS
Aliso Apts 1st & Clarence Sts L.A. 336 22
Angelus Plaza N. 200 S. Olive St. L.A. 330 1
Beverly Hills Senior 225 N. Crescent Dr. Bev. Hills 151 1
Beverly Manor Apts. 334 N. Normandie Ave L.A. 59 1
Beverly Towers 1315 W. Beverly Blvd. Montebsello 189 1
Casa de |a Paloma 133 S. Kenwood St. Glendale 167 1
Casa La Merced 140 N Montebello Blv Montebello 130 1
Castle Argyle Apts. 1819 N. Argyie Ave. L.A. 98 1
Cathay Manor 600 N Broadway L.A. 270 1
Estrada Couns 8th Stree! L.A. 214 30
Estrada Courts Extension Olympic Bivd & Lorena Street L.A. 200 37
Fairfax Towers 1222 N. Fairfax Ave, W. Hollywd 153 1
Fallbrook Square 22851 VanOwen Canoga Park 16 1
Fickett Towers 14801 Sherman Way Van Nuys 306 1
Foothills Gardens 7687 Foothill Blvd. Tujunga 54 1
Geneva Plaza 1437-49 21st St Sta Monica 100 1
Granada Gardens 16700 Chatsworth St. Granada H 169 51
Harvard Plaza 340 Harvard Rd. Burbank 150 1
Hollywood East Apts. 4612 Lexington St. Hollywood 22 1
Hollywood East Apts. 4829 Lexington Ave. Hollywood 43 1
Hollywood Fountain No. 6217-47 Fountain Ave. Hollywood 88 1
Hollywood Fountain So. 6210-34 Fountain Ave. Hollywood 73 1
Hollywood Knickerbocker 1714 N. ivar Ave. L.A. 284 1
Hollywood Plaza 1637 N. Vine L.A. 153 1
Marina Manor "A* 3401 Via Dolce Marina del Rey 112 1
Marina Manor “B* 3401 Via Doice Marina del Rey 71 1
Menorah House 19206 Sherman Way Reseda 51 1
Miramar Manor 1422/1430 Miramar St. L.A. 49 2
Mountain View Estlates 10655 Tujunga Bivd. L.A. 23 1
Oakwood Toluca 3600 Barham Blvd L.A. 1151 23
Oakwood Van Nuys 15454 Sherman Way van Nuys 390 4
Oakwood Woodl Hills E 22122 Victory Bivd, Woodland H 883 26
Oakwood Woodl Hills W 22222 Victory Bivd Woodland H 4486 17
Orchard Arms 23500 Wiley Cyn Rd Valencia 183 4
Owensmouth Gardens 6300 Owensmouth Ave L.A. 381 6
Pacific Manor 609 N. Glenoaks Bivd Burbank 169 1
Paim 959 Palm Ave W. Hollywood 127 1
Panorama View 9222 Van Nuys Blvd. Panorama 87 3
Park Paseo 123 S. Isabel St. Glendale 98 1
Parthenia Manor 14906 Parthenia Si. Van Nuys 89 3]
Pledgerville Senior 11060 Norris Ave. Pacoima 94 1
Plummer Park Apts. 17051 Piummer St. Northridge 40 1
Ramona Gardens Ramona Bivd & Indiana St L.A. 610 101
Reseda East 18450 Ingomar_St Reseda 70 1
Reseda Manor 7725 Reseda Bivd Reseda 40 1
Reseda Park 6505 Reseda Blvd. Reseda 158 2
Santa Monica Christ. 1233 6th St Sta Monica 167 1
Sherman Park Apts. 17960-64 _Sherman Way Reseda 135 2
Simpson Saticoy 7541 Simpson Ave Reseda 35 1
Sunland Park 10836 Roycraft St. Sun Valley 120 14
Sunset Apts. b 4363 Lockwood Ave. L.A. 24 1
Sunset Apts. e 1023 N Coronado L.A, 18 1
Tujunga Gardens 6643 Foothill Bivd. Tujunga 54 1
Union Towers 455 Union Ave L.A. 200 1
Uptown Manor 1354 North Harper W. Hollywd 60 1
Vadehra ill 668 S. Rampart L.A. 44 1
Vadshra lli b 246 S. Kenmore L.A. 30 1
Vadehra IV 5846 Carlton Way L.A. 72 1
Vadehra Va 1848 Gramercy St. L.A. 40 1
Vadehra Vb 1848 Gramercy St. L.A. 40 1
Vadehra V! 711 S. Rampan LA, 39 1
Vadhera IV b 5607 La Mirada L.A. 40 1
Villa Park Merridy 3748 W. 9th St. L.A. 20 1
Villa Raymond 455 N Raymond Ave. Pasadena 23 1
Vista (VPH Adult Ret. Ctr.} 15211 Sherman Way Van Nuys 84 1
West Valley Towers 14650 Sherman Way Northridge 97 1
Westminster Towers 112-7th St Sta Monica 285 1
William Meade North Main & Ann Sts L.A. 449 24
Wiishire Villa North 1933 N. Bronson Ave. L.A. 88 1
11239 425



the concurrence of HUD, this form was selected for use. (The form is included in
Appendix A.) An additional benefit of using this form is that the collected data is in
a format that can be directly compared to the information collected by ATC.

The form uses the common differentiation of building components into structural,
nonstructural, and equipment categories. Structural components and systems are those
elements of a building, such as beams, columns, and diaphragms, that resist the
gravity and lateral loads. Nonstructural elements and systems are not designed to be
part of the load resisting system. Nonstructural elements can be exterior cladding,
interior non-loadbearing partitions, and other functional or decorative building
components such as ceilings, parapets, porches, and so on. Equipment includes
heating, cooling, plumbing, electrical and similar systems.

By using the form as a guide, the investigator collects both general and detailed data.
Basic information such as number of stories, number of living units, dates of design
and construction, overall plan dimensions, and foundation type are recorded. The
building is categorized by Model Building Type (MBT) using the basic 15 model
building types that are used for categorization throughout the series of FEMA-
produced technical documents on seismic issues in existing buildings, for example,
Rapid Visual Screening of Buildings for Potential Seismic Hazards, [2]. Vertical and
plan irregularities, such as discontinuous columns or open building fronts, are noted,
along with the pre-earthquake condition of the building. The material used for typical
nonstructural elements such as exterior cladding, interior partitions, and ceilings, is
noted.

In completing the form, the investigator must make judgements on several broad
issues, such as the approximate amount of time needed to restore building function.
The overall damage state for structural elements, nonstructural elements, equipment,
and contents is noted, using damage states ranging from 1 for no damage (0 percent)
to 7 for total damage (100 percent) (See Table B). These damage states were
originally defined in ATC-13 [3], and have been used in other studies as well [4].

The form aids the investigator in recording a detailed description of the damage. For
each major building direction (e.g. north-south and east-west) the investigator records
damage states and percent of systems affected for numerous specific items concerning
vertical and horizontal elements, connections, foundation, and equipment. For
moderate and heavy damage states, further information is recorded on a separate
sheet.

2. Team operations

Twelve people were involved in performing the study. Several steps were taken to
ensure consistent collection, recording, and interpretation of information.

Prior to departure for the Los Angeles area, all team members jointly reviewed
methods for identifying building types and interpreting damage, and familiarized
themselves with the data collection form. Slides of damaged buildings that had been
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taken by NIST personnel in the days immediately following the earthquake were used
in exercises to familiarize all personnel with the data collection method, and to
establish a common understanding of damage levels.

In the field, inspections were performed by teams of at least two people. Evening
meetings were held each day at which teams reported on their observations, using
instant photographs to illustrate key points. These daily reviews allowed the
investigators to adjust their rating of damage states to conform to a uniform scale, to
acquire additional insight into particularly interesting or challenging technical issues,
and to share suggestions on dealing with non-technical issues. The pairings of
investigators were regularly rotated to maximize the consistency of the evaluations
between the teams.

3. Field data collection

Inspections were scheduled with a request that a building manager, engineer, or other
knowledgeable person be available to escort the investigation team. The building was
examined from the exterior and interior, and all known damage sites were
documented. At sites consisting of a large number of living units and/or additional
undamaged buildings, not all units/buildings were inspected. Non-living space, such
as basements, attics, utility rooms, and stairwells, received particular attention.

These spaces, when they lack architectural finishes such as ceilings and wall paneling,
allow investigators to directly view the structure of the building. In instances where
building plans were available, these were reviewed to verify observations about
structural types, dimensions, and other items of interest.

Documentation consisted of three parts: instant photographs, slides, and written
information (including the completed data collection form and field notes, sketches,
and measurements of key items of interest). The instant photographs were
immediately labeled and added to the field file for the site. These photographs were
used in nightly reviews of findings. A limited number of instant photographs were
taken at each site. Slides were used for more thorough visual documentation.

C. Data assessment techniques

As described below under Observations and Assessments, five of the sites selected by
public housing authorities for inspection by the BFRL team did not show evidence of
having been damaged by the earthquake. These sites were removed from the sample
prior to analysis. Thus, although the field inspections covered 69 sites with 464
buildings and 10,893 living units, the data analyses covered only 64 sites, which
consisted of 211 buildings containing a total of 9,430 living units.

Upon completion of the field data collection phase, key aspects of the collected
information were entered into a database. Because the sample was intentionally
biased towards damaged structures, damage distribution in the entire building
population in the affected area will not be the same as the distribution in this sample.
However, the data can be grouped, sorted, and examined to illuminate qualitative
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correlations among parameters. The parameters selected for study included: structural
system, number of stories, age, and distance from epicenter. These parameters were
compared to numerical ratings of damage to structural systems, nonstructural systems,
and equipment.

The numerical damage ratings were determined during field observation, using a
damage scale originally used in ATC-13 [3].

Table B: ATC-13 Damage Scale Used in this Study

Damage Relative Amount of
Rating Damage

1 None 0%
2 Slight 0%-1%
3 Light 1%-10%
4 Moderate 10%-30%
5 Heavy 30%-60%
6 Major 60%-100%
7 Destroyed 100%

Techniques used in the attempt to identify trends included production of sorted data
tables, generation of scatter plots, and regression analysis. In scatter plots, the two
parameters of interest, for example building age and structural damage state, become
the axes of a graph (see fig. 29 for examples of scatter plots). Each site becomes a
single point on the plot, corresponding to the appropriate age and numerical damage
state. If strong trends exist, they usually become apparent in the grouping or
clustering of the plotted points. For example, if a strong trend existed linking
building age and structural damage, such that younger buildings suffered less damage
and older buildings suffered more damage, the scatter plot would show a distinct
clustering of the points along the diagonal. A uniform distribution of points
throughout the graph area indicates that no trends exist.

A regression analysis was performed for each of the pairs of parameters that were
examined (see fig. 29), except for comparisons involving structural type. The
correlation coefficient was calculated to determine if there was any statistically valid
correlation between the parameters. Because structural type is a qualitative rather
than a quantitative variable, regression analysis is not possible for that parameter.
For these comparisons, averages of damage states for each of the structural types
were calculated and compared.



These analyses represent a first cut examination of the data, evaluating the influence
of only a single variable at a time (e.g. age or number of stories). The number of
data points in the sample did not justify multi-variable analysis (considering the
combined effects of parameters in attempting to identify trends).
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IV. OBSERVATIONS AND ASSESSMENTS
A. General

Typical characteristics of multi-family residential buildings are multiple interior
partitions and frequent openings in walls. The massive amount of wall surface such
systems create is vulnerable to cosmetic, but nonetheless expensive-to-repair, damage.
Rectilinear door and window openings create stress concentrations at each corner,
making these locations particularly vulnerable to cracking (fig. 1). The damaged
multi-family residences observed by the BFRL team following the Northridge
earthquake typically had cracks in plaster or gypsum board interior wall surfaces,
especially at the corners of door and window openings and along vertical and
horizontal joints in wall sheathing (fig. 2). Less common was damage to the
structural system.

i

Figure 1 Residential construction is characterized by multiple door and window
openings. The corners of these rectilinear openings create stress
concentrations, making these locations particularly vulnerable to
cracking.

Non-structural systems do not contribute to the seismic resistance of a structure,
therefore the decision to repair this type of damage is based on considerations other
than the seismic stability of the structure. Any damage to a building’s structural
system can be assumed to reduce the building’s original seismic-resistant capacity.
However, the system may still have enough residual strength to resist future
earthquakes without collapsing. Therefore, the need for repair of structural damage
must be evaluated on a case-by-case basis.
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Figure 2 Typical nonstructural damage caused by the Northridge earthquake in
residential buildings included cracks in interior partition walls, such as
these horizontal and vertical cracks at the edges of the gypsum
wallboard panels.

Damage to equipment, such as water heaters or air conditioning units, occurred at
slightly more than half the sites. The damage was usually minor, such as equipment
shifting off supports. Occasionally, these movements led to collateral damage, such
as gas or water leaks from ruptured pipelines. An example occurred at Fickett
Towers, a 12-story concrete shear wall building about 8 km from the epicenter. A
130,000 liter (35,000 gallon) water tank on the roof shifted, severing the attached
water pipes (fig. 3). The resulting discharge of the tank contents caused water
damage to walls, ceiling, and carpet at all levels.

Five of the 14 sites selected by local public housing authorities for inspection by the
BFRL team did not have damage that could be clearly attributed to the earthquake.
Three of the sites had reinforced masonry buildings; two had wood frame structures.
These sites were removed from the database prior to analysis, leaving 211 buildings at
64 sites in the final set of data.

HUD can potentially influence the construction of public housing projects, which are
newly built under HUD programs. In other HUD programs, many buildings are pre-
existing when they enter the program, so HUD can have no influence on their basic
design and construction. All HUD-assisted buildings, including public housing
projects (according to local public housing officials), must meet the building
regulations of the local jurisdiction. For the buildings in this study, when only the
clearly earthquake-damaged sites were considered, there was no difference discernable
in performance of buildings in public housing projects and buildings at other HUD-
affiliated sites.
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Figure 3 Movement of equipment, such as this 130,000 liter roofiop water tank
at Fickett Towers, caused collateral damage in some cases. When this
tank dropped from its supports, rupturing a water pipe, water damage
to the building interior resulted.

Of the over 200 buildings in the sample at the 64 damage sites, only two buildings
were damaged by fire. These both occurred at Grenada Gardens, a complex of wood-
frame two-story apartment buildings located about 6.5 km from the epicenter. Most
of the 51 buildings at this particular site were heavily damaged (see the section below
on wood frame buildings for a more detailed discussion). The fires were reportedly
caused by ruptured gas lines.

Buildings at 8 of the 64 sites in the sample were permanently or temporarily unusable
because of damage. (Buildings which were vacated for only a few hours or days
pending inspection are not included in this number.) Two of the uninhabitable sites,
labeled Vadehra IV and Vadehra Vb, each consisted of a single unreinforced masonry
building about 70 years old that had been condemned and was under demolition at the
time of the inspection (fig. 4). A third unreinforced masonry building of the same
vintage, Uptown Manor, suffered damage to a few of the top-story units, which had
been evacuated (fig. 5). The majority of the 60 living units in the building remained
usable. A fourth unreinforced masonry building, Vadehra IVb, had been yellow
tagged by the city, meaning that the building was judged to be potentially hazardous
and should not be occupied until a more detailed analysis showed the building was
safe or the damage was repaired. About four percent of the 285 living units in
Westminster Towers, a concrete frame building about 20 km from the epicenter, were
unusable due to damage. One site with a single wood frame building, Sherman Park
Apartments, suffered damage requiring 10 out of 135 living units to be evacuated for
one week while repairs were made. At another site with a single wood frame
building, Sunset E, the city had yellow tagged the building, requiring evacuation of
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Figure 4 Vadehra IV, an unreinforced masonry building, was condemned
because of extensive earthquake damage. When this photograph was
taken, the top story had already been removed by the demolition team.

Figure 5 Loss of portions of the parapet and wall at Uptown Manor, an
unreinforced masonry building, caused several living units to be
declared unsafe by city inspectors.
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all 18 units pending more thorough evaluation (fig. 6). By far the largest number of
unusable units in the survey occurred at Granada Gardens, a site of 51 wood frame
buildings about 6.5 km from the epicenter. At this site, 120 of the 169 living units
had to be evacuated due to structural damage.

In total, approximately 300 of the over 9,000 living units at damage sites, or about
three percent of the total, were rendered unusable due to damage. Note that this
percentage relates to the number of units at that were uninhabitable at sites with
damage. 1t is not a measure of the percent of total available living units that became
uninhabitable. Note that 97 percent of damaged living units remained inhabitable.

Systematic collection of information on injuries was not included in the scope of this
project, but investigators noted anecdotal information when it was available. The
BFRL team found that only two fatalities were associated with the buildings in the
sample, both heart attacks, one at Castle Argyle Apartments and one at Sherman Park
Apartments. At no site were the investigators told of major injuries. However, many
residents told of being temporarily trapped in their apartments by jammed doors (fig.
7). Broken glass and fallen contents produced hazards in many buildings. The
physical hazards produced by these impediments were exacerbated by the lack of
illumination due to the loss of electricity.

Two of the buildings in the sample were instrumented with strong motion recorders
that were reported to have been activated by the earthquake. This provides an
opportunity for future in-depth study of the behavior of these buildings. The
instrument at 16-story Cathay Manor, about 33 km from the epicenter, was installed
and maintained by Kinemetrics Inc. of Pasadena, California. The instrument at 10-
story Pacific Manor, about 21.5 km from the epicenter, is part of the California
Strong Motion Instrumentation Program, and is identified as CSMIP Station No.
24385.

Almost all of the unreinforced masonry buildings in the sample were observed to have
been rehabilitated prior to the earthquake using bolts, outfitted with steel plate
washers, that pierced the masonry at the lines of the floors and roof (fig. 8). Parapet
bracing was also ob-served (fig. 9). The City of Los Angeles has a mandatory
seismic rehabilitation ordinance for unreinforced masonry buildings constructed prior
to 1934 that applies to apartment buildings that have five or more living units.
Surrounding jurisdictions do not have similar mandatory requirements. In some
instances the Los Angeles ordinance, known colloquially as Division 88, requires the
addition of new cross walls, supplementary vertical supports, and other strengthening
actions in addition to the commonly required through-bolts and parapet bracing.
While the BERL investigators did note the presence of through-bolts and parapet
bracing, they did not determine whether the rehabilitation effort conformed with the
requirements of Division 88.

Of the buildings that were constructed of materials other than unreinforced masonry,
investigators found none that clearly had been rehabilitated prior to the earthquake.
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Figure 6 Sunset Apartments E, a three-story wood-frame apartment building, was
declared by city inspectors to be potentially unsafe pending more
detailed evaluation (yellow ragged). Note the horizontal crack in the
stucco at the foundation line, the vertical crack to the right of the
window, and the diagonal crack and buckled area of stucco at the
lower corner of the window.

Figure 7 Buckled door frames occurred in several buildings.
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Figure 8 Pre-earthquake seismic
rehabilitation of
unreinforced masonry
buildings typically
included face plates and
through-bolts anchoring
the walls to the floor and
roof joists.

Figure 9 Unreinforced masonry buildings that had been rehabilitated prior to the
earthquake typically had had their parapets braced.
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There were no steel frame buildings in the candidate group of damaged buildings.
One of the buildings in the inventory was originally misidentified as a steel frame
structure. The building manager had stated that Cathay Manor, a 16-story building
about 33 km from the epicenter, had a steel frame. When the BFRL investigators
arrived at the site, the plans of the structural system were not available. The
investigators found no evidence to suggest that the building was a steel frame
building. Their observations led them to conclude that the building was a concrete
shear wall building, and it has been classified as such in this study (fig. 10). The
building suffered cracks in the shear walls and nonstructural walls similar to those
observed in concrete buildings.

Only two of the damaged buildings were reinforced masonry. However, the dearth of
examples of damaged buildings with steel or reinforced masonry systems in the
sample does not necessarily imply that these types of structural systems performed
particularly well during the quake. Because a reliable estimate of numbers of
damaged and undamaged buildings is not available partitioned into structural type, it
is impossible to determine whether the small number of damaged buildings with these
structural systems indicates good performance by these type of buildings, or whether
it merely reflects a small number of buildings in the housing inventory with these
systems.

Common types of damage observed are described below, grouped by building
structural system. Figure 11 illustrates the distribution in the sample of structural
systems, by site and by number of living units.

Figure 10 Cathay Manor, a 16-story building abour 33 km from the epicenter, was
determined to be a concrete shear wall building.
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Distribution of Structural Types
By Site

(80%)
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) Wood 50%
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Distribution of Structural Types
By Units
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Precast Concrete 13%

\\ Unreinf. Masonry 3%

*bz Reinf. Masonry 2%

Figure 11 Above, distribution of structural types in the buildings in the sample when
tabulated by site; below, distribution of structural types by number of living
units.
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Concrete Buildings

Eleven damaged concrete buildings were visited (not including precast concrete
buildings, which are discussed later in this report). Two had concrete moment
resisting frames, seven were concrete shear wall buildings, and two were concrete
frame buildings with masonry infill walls.
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moment-resisting frame shear wall frame with masonry infill

Common structural damage included diagonal cracks in shear walls and columns (figs.
12, 13, and 14). Two of the shear wall buildings, Santa Monica Christian, a 13-story
building about 22 km from the epicenter, and Fickett Towers, a 12-story building
about 8 km from the epicenter, had classic diagonal cracking in the coupling beams
between shear walls (figs. 15 and 16). (Coupling beams often occur in the areas of
concrete between stacks of door or window openings in shear walls.) Only one of the
ten buildings, Westminster Towers, a 17-story building about 20 km from the
epicenter, had any units that were uninhabitable because of damage.

Common nonstructural damage included cracks in surfaces of interior walls, both
along horizontal and vertical lines at joints in the gypsum board and diagonally at
corners of door and window openings. Cracks in external surfaces such as stucco
were also common. Separation of external cladding occurred at some of the
buildings. At the Hollywood Knickerbocker, a 63-year old concrete frame building
about 23.5 km from the epicenter, the non-structural masonry facade displayed X-
cracking between some of the windows (fig. 17). Movement of mechanical
equipment occurred at roof levels in some of these buildings. At Westminster
Towers, the concrete building with the most extensive nonstructural damage, many of
the bathtubs had shifted 10-20 mm from their original positions, and shower tiles had
been dislodged.
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Figure 12 Structural damage in concrete buildings included diagonal cracks in shear
walls, such as these in Beverly Towers.

Figure 13 Some of the diagonal cracks in concrete shear walls were already under
repair at the time of this study. Ar Santa Monica Christian apartments,
cracks were being repaired using an epoxy injection technique.
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Figure 14 In concrete frame buildings, such as Westminster Towers, diagonal cracks
in concrete columns were observed.

Figure 15 Diagonal cracks between openings in shear walls, such as these above a
doorway at Fickett Tower, are examples of commonly observed earthquake
damage in concrete shear wall buildings.
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Figure 16 Diagonal cracks in the portions of the concrete shear wall above the doors
at Santa Monica Christian apartments were being repaired using expoxy
injection. This photograph shows the injection ports.

Figure 17 The masonry facade berween windows at the Hollywood Knickerbocker, a
63-year old concrete frame building, displayed earthquake-induced X-
cracking.
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Precast Concrete Buildings

Eight precast concrete buildings were
inspected. Interior partitions had typical
diagonal cracks at door and window openings.
Cracks and separation at the intersection of
interior gypsum board/wood stud walls and
precast concrete walls occurred in many
locations. Structural damage included minor
cracking in shear wall panels and stairwell
floor planks.

N\

Three buildings had badly damaged rooftop
stairwell enclosures. At Geneva Plaza, an 8-
story building about 21.5 km from the r_i‘y
epicenter, both penthouse stairway covers had L__L!

been badly damaged and were demolished by
the time the inspection team reached the site.
The two penthouse stairwell enclosures at Casa
de la Paloma, a 9-story building about 28 km
from the epicenter, had been offset from the
precast panels below them, and were quickly
demolished. The offset at the top of the
penthouses relative to their base was reported to have been about 150 mm. At Park
Paseo, an 8-story building about 28 km from the epicenter, the single penthouse
stairway enclosure had experienced similar displacement, resulting in a permanent
lean. This penthouse had also been demolished by the time of the inspection.

Precast concrete buildings typically
include components of both walls and
frames, assembled in the field from
pre-formed wall, solumn, and beam
units.
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Reinforced Masonry Buildings

Five sites had reinforced mason-
ry buildings. Three of the sites
were from the stock of public
housing; the sites had been
selected for inspection by local
public housing officials. The
three public housing sites (Aliso
Apartments, Ramona Gardens,
and William Meade Apart-
ments), each about 35 km from
the epicenter, had 147 buildings
among them. Although these
sites were apparently on the local public housing administration’s list of earthquake-
damaged facilities, the BFRL inspection teams found no evidence of earthquake
damage at the three sites. Minor cracking was observed in the masonry in some
locations but it appeared to be unrelated to the earthquake.

The other two sites had one building each. Casa La Merced is a 5-story building
about 46 km from the epicenter which suffered only hairline cracks to interior
nonstructural wall surfaces and no damage to structural or mechanical systems.
Pledgerville Senior Citizens Villa is a 6-story building about 13 km from the epicenter
that suffered vertical cracks in the walls near the base of the door openings (fig. 18).

Figure 18 At Pledgerville Senior Center, a 9-year old reinforced masonry building
about 13 km from the epicenter, inclined vertical cracks were observed
adjacent to door openings.
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Unreinforced Masonry Buildings

Ten unreinforced masonry buildings were in the sample. Precise ages for most of
these buildings were not available, but most were estimated to be around 70 years
old. All were more than 20 km from the epicenter. Two of the buildings, Vadehra
IV and Vadehra Vb, were so badly damaged that they were already under demolition
by the time the BFRL team reached the site (figs. 19 and 20). In contrast, two other
unreinforced masonry buildings of similar vintage, each 28 km from the epicenter,
(Vadehra IIIb and Villa Park Merridy, fig. 21), suffered no structural damage at all
and only moderate nonstructural damage. The rooftop wood frame elevator penthouse
on Vadehra IIIb was racked and twisted, causing damage to its stucco cladding (fig.
22), but the operation of the elevator was not affected. All four of these buildings
had earthquake bolts at the lines of the floors and roofs.

fAaXZaa® A"

Figure 19 Vadehra Vb, an unreinforced masonry building, was already under
demolition at the time of this study. The top floor of this four story
building had already been removed at the time this photograph was taken.
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The condition of the most badly damaged buildings in this category could not be
accurately assessed because they were already partly demolished when the team
reached the site. However, neither had collapsed. A 70-year old four-story building
about 25 km from the epicenter (Vadehra IVb) had been yellow tagged by the
building department, because of potentially hazardous damage. The building, with a
T-shaped floor plan, had badly cracked exterior walls at the short sides of the
setbacks (fig. 23). The interior walls had moderate cracks in the plaster at all levels
(fig. 24). This damage was typical of the moderately damaged unreinforced masonry
buildings in the sample. None of the other unreinforced masonry buildings were
uninhabitable, although several top-story units of a four-story building about 21 km
from the epicenter (Uptown Manor) were evacuated because of damage (fig. 5).

Lightly damaged unreinforced masonry buildings suffered minor cracks in the exterior
masonry, and cracks in plaster at corners of openings in interior walls.

Figure 20 This view of an the inside corner of the T-shaped Vadehra Vb building
shows substantial vertical cracks and movement of portions of the wall.
Note that this building, which had been condemned and was under
demolition, had been rehabilitated before the earthquake with through-
bolts.
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Figure 21 Villa Park Merridy, an unreinforced masonry building that had been
rehabilitated prior to the Northridge earthquake, suffered no structural
damage and only minor nonstructural damage.

Figure 22 The wood-framed, stucco-clad elevator penthouse on the roof of the 3-story
Vadehra I1Ib building experienced extensive damage 10 the stucco, but the
operation of the elevator was not affected.
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Figure 23 Vadehra 1Vb, a T-shaped unreinforced masonry building, suffered cracks in
the short walls at the inside corner of the T that in some locations followed

the line of the mortar and in other locations cracked brick units.

Figure 24 Damage observed in unreinforced masonry buildings included cracks in the
interior plaster.
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Wood Frame Buildings

Thirty-four sites with wood frame buildings were included in the sample. Of these,
only three had buildings with more than 10 percent structural damage (Grenada
Gardens, Sherman Park Apartments, and Oakwood Van Nuys). At the other end of
the scale, 14 of the sites had buildings with no structural damage and only minor
nonstructural damage. The local public housing authority had selected nine sites with
wood frame buildings for inspection by the BFRL team. Two of these (Estrada
Courts and Estrada Courts Extension) had no earthquake damage that was apparent to
the investigators.

The most spectacular damage occurred at Grenada Gardens, a 51-building complex
about 6.5 km from the epicenter: 120 out of 169 units were vacated. Those buildings
with the first story open for parking underwent large displacements relative to the
foundation, creating permanent offsets (fig. 25). Relative lateral displacements of
0.35-0.45 m were measured. None of the buildings suffered a complete collapse of
the first story. The second story apartments in those buildings with first floor parking
suffered less nonstructural damage, such as dislodged commodes, cracked gypsum
wallboard (fig. 26), and broken glass in sliding doors, than did the apartments in
buildings with living units on both levels.

Figure 25 At Granada Gardens, many of the two-story wood frame buildings that had
open first levels for parking experienced significant racking and permanent
offsets.
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Figure 26 Interior damage at
Granda Gardens
included cracks in
the gypsum
wallboard.

Figure 27 Horizontal cracks in exterior Stucco occurred where the relatively flexible
wood frame walls joined the more rigid concrete Sfoundation walls.
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Cracks in concrete foundation walls or slabs occurred in some of the moderately
damaged wood frame buildings. A common problem was cracking of the stucco
cladding, particularly at the interface between rigid concrete foundation walls and
more flexible wood stud walls (fig. 27) and at the corners of window openings (fig.
28). Although stucco and gypsum wallboard are sometimes relied upon by the
designer to resist lateral loads, damage to these surfaces was classified as
nonstructural in this study, to maintain consistency with the classification in buildings
of other structural systems, where stucco and gypsum wallboard are clearly
nonstructural. Other nonstructural damage included cracked plaster in ceilings and
fallen ceiling tiles.

Figure 28 Diagonal cracks in exterior stucco at window openings in wood-framed
buildings occurred in many locations, such as at this window ar Miramar
Manor.
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Table C - Values of Evaluated Parameters by Building Site

NAME HUD TYPE UNITS BLDGS STORIES AGE km TO ATC 13 NUMERICAL RATINGS
{Years) EPCTR STRUCT NONSTRUCT EQUIPMENT

HA 323 330 1 17 11 32.5 2 2 2
HA W, 151 1 3 7 20.0 2 2 2
. HA w 59 3 3 50 27.0 2 4 3
4_Beverly Towers HA ] 189 1 8 18 46.0 2 3 2
HA FC. 167 1 9 14 28.0 3 3 3
HA 2] 130 i 5 9 46.0 1 3 1
HA [} 98 1 6 77 23.5 3 3 1
HA [} 279 1 16 9 33.0 2 2 2
HA [ 153 1 8 11 21.5 3 4 1
HA w 16 1 2 15 8.0 1 2 2
HA C 3086 1 12 20 8.0 4 4 3
HA w 54 1 3 11 22.5 1 2 1
HA 3] 100 1 8 14 21.5 3 3 2
HA w 169 51 2 13 6.5 6 5 3
HA c 150 1 8 13 21.5 3 3 3
HA w 22 1 2 40 255 1 2 1
HA w 43 3 3 40 25.5 2 4 1
HA, W 88 1 4 11 24.0 3 4 4
. HA w 73 )] 4 10 24.0 1 3 2
20 Hollywood Knickerbocker HA c 284 1 11 63 23.5 1 3 1
HA o3 153 1 10 61 23.5 1 4 1
[5a) [} 112 1 8 9 27.5 2 2 2
P w 71 1 4 9 27.5 2 2 2
HA w 51 1 3 16 2.0 1 3 2
HA w 49 2 3 40 31.0 1 2 1
HA w 23 1 3 13 23.5 2 2 1
RA w 1151 23 3 20 20.5 2 3 2
HA w 390 4 3 23 7.0 4 4 1
HA w. 883 26 3 20 1.9 2 4 4
Wood Hills W HA w 446 17 3 20 7.0 2 3 3
P W 183 4 2 13 20.0 1 2 4
PA w 381 € 3 14 6.0 3 4 2
HA K 169 1 10 19 21.5 1 2 2
[ax} w 127 1 6 15 20.5 2 2 2
HA w 87 3 3 23 9.0 1 2 1
HA ool 98 1 8 1 28.0 2 3 3
HA W, 89 ) 3 23 8.9 1 2 1
HA [2.0) 94 )] 6 9 13.0 2 1 1
HA w 40 1 2 12 4.5 2 3 4
32l w 70 1 3 16 1.0 3 4 4
PH w 49 i 3 16 1.0 3 4 3
HA w 156 2 3 24 3.5 1 2 2
HA [+ 167 i) 13 29 22.0 4 3 3
HA w 135 2 3 23 2.5 5 3 3
P W 35 1 3 20 14.0 1 2 h)
HA w 120 14 2 22 16.5 1 3 1
4 HA w 24 1 2 40 27.9 3 4 1
48 Sunset Apts. e HA w 18 1 3 50 29.0 3 ] 2
.49 _Tujunga Gardens HA w 54 1 3 13 24.5 1 2 1
[3a] [*] 200 1 15 19 31.0 2 3 2
HA UM €0 i 4 €9 21.0 4 4 2
HA UM 44 1 5 70 295 2 2 1
HA UM 30 1 3 790 28.0 1 3 3
HA UM 72 1 4 70 24.5 [
HA UM 40 1 - €5 24.5 4 1 1
HA UM 40 1 4 70 25.5 [
HA UM 39 1 4 56 29.5 2 2 1
HA UM 40 1 4 70 25.0 4 4 3
HA UM 20 1 4 65 28.0 1 3 1
HA URM 23 1 4 67 37.0 3 3 1
HA RC 84 1 s 7 8.5 3 4 4
HA e 987 1 8 10 9.0 2 2 1
HA (o] 285 1 17 23 20.5 4 [ 2
HA URM 88 1 4 70 24.0 2 2 2
9430 211
H 2t} 336 22 3 39 35.0 1 1 1
P w 214 30 2 51 38.0 1 1 1
M w 200 37 2 39 38.0 1 1 1
. P 5. 610 101 2 52 36.0 1 1 1
69 Wiiam Meade PH ™ 449 24 3 51 33.0 1 1 1
1809 214
UNTS_ |BLDGS |
TOTALY 11239 428
NOTES]
*HUD" Column indiicates involvement by HUD as:
HA = HUD Affiliated
PH = Public Housing
TYPES: C = Concrewe
PC = Precast Concree
RM = Reinforced Masonry
URM = Unreinkorced Masonry
W = Wood Frame
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B. Comparison of technical subsets

In order to determine whether identifiable trends existed, the data were sorted by
building age, number of stories, distance from the epicenter, and structural type. The
numerical ratings for the ATC-13 damage states for structural and nonstructural
damage were examined to see if trends could be identified. The five sites at which
there was no evident earthquake damage (ATC damage state ratings of 1 for all
systems) were removed from the database prior to the analysis. Table C presents the
values of these parameters for each site.

Scatter plots were produced, evaluating each site as one data point. The scatter plots
showed a wide distribution of damage states for each of the variables considered (fig.
29). Note that, as can be seen from the data in Table C, each of the dots shown in
figure 29 may represent more than one data point. Regression analysis confirmed that
no statistically valid trends existed in the data for age, number of stories, or epicentral
distance (considered individually and ignoring the influence of the other parameters)
when measured against structural and nonstructural damage states. The correlation
coefficient, r, was greatest for the correlation between age and structural damage, but,
with a value of only 0.23, the correlation cannot be considered significant. The
correlation coefficient r always has a value between -1 and 1; these values imply
perfect correlation. A value of zero indicates no correlation whatsoever.

Table D: Coefficient of Correlation r

structural damage

nonstructural damage

Age 0.23 0.07
Epicentral Distance -0.13 -0.19
Number of Stories 0.15 0.04

This attempt to identify trends in the data through regression analysis should not be
considered precise or conclusive. Among the limitations to the analysis are:
- the assigned damage state values are based on the engineering judgement of
the investigator, and cover a range of damage rather than specific values, and
- each site is treated as one data point, although the number of living units per
site varied considerably.
It is possible that strong trends do exist in more narrowly defined groupings of data
which consider the combined effects of multiple variables, for example, age-to-
damage state correlations for each different structural system, rather than for all
systems considered together. However, the relatively limited number of data points
available from this study does not justify more finely partitioned analyses. Given a
larger set of data points, trends may well become apparent.
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It is not possible to generate regression analyses of the plots of structural type against
damage states because structural type is not a numeric variable. Instead, average
structural and nonstructural damage states were calculated. The averages were
weighted to account for the number of living units at a site. This calculation assumes
that all living units were equally damaged, which was clearly not the case at many
sites. However, the ATC-13 damage states are assigned based on percent of the total
building(s) that is damaged, therefore, the assumption is not invalid. The averages
are given in Table E.

Table E: Average ATC-13 Damage State by Structural System
(weighted by number of living units at each site)

Structural Nonstructural Number of Units
Concrete 2.6 3.5 2217
Precast 2.3 2.6 1195
Reinf. Masonry 1.4 2.2 224
Unreinf. Masonry* 3.4 2.6 496
Wood Frame 2.2 3.3 5298

* Almost all unreinforced masonry buildings in the sample had been rehabilitated to
some degree.
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Figure 30 Bar graph showing weighted averages of ATC-13 structural and nonstructural
damage states by structural system.

. \

39



The highest average damage state was 3.5, for non-structural damage in concrete
buildings, which is between "light" (1%-10%) and "moderate” (10%-30%) damage.
The lowest average value, 1.4, for structural damage in reinforced masonry buildings,
is between damage rated as "none" (0%) and "slight” (0%-1%).

Although at first glance the average numbers suggest that reinforced masonry
buildings performed better than other buildings of other systems, both for structural
and nonstructural damage, it is important to remember that only two buildings of this
type were in the sample, located at 13 and 46 km from the epicenter. Both buildings
were nine years old.

The average structural damage per living unit was worse for unreinforced masonry
buildings than for any other system. However, nonstructural damage in unreinforced
masonry buildings was not extreme. The highest average nonstructural damage
occurred in wood frame and concrete buildings.

These analyses emphasize the difficulty in predicting earthquake damage at any given
site. Anecdotal evidence supporting this supposition was found at several sites by the
BFRL investigators. An example is Sunland Park, a complex of three-story wood
frame apartment buildings located about 16 km from the epicenter. The fourteen
buildings on the site were apparently identical in age, configuration, and construction.
However, three of the buildings suffered extensive cracking of the exterior stucco and
interior gypsum partitions. Two buildings had only minor damage. The nine other
buildings at the site were virtually undamaged. The differences in performance
possibly may be attributable to soil conditions, building orientation relative to the
direction of earthquake wave propagation, undetectable variations in the quality of
construction or materials, or some other factor. This variation in damage at a single
site of virtually identical buildings illustrates the problems inherent in attempting to
predict which buildings will be damaged by a future earthquake and the extent of that
damage.

ATC-13 damage levels, recorded by the investigators for structural, nonstructural,
and equipment damage, were also compared to each other for each site. For the two
buildings that were under demolition at the time of the survey, no information on
nonstructural or equipment damage was available. These two buildings were removed
from the database prior to the analysis, leaving 62 points in this portion of the
analysis.

The analysis showed that, in buildings that suffered damage in the earthquake, non-
structural damage tended to be more extensive than structural damage. At 37 of the
62 sites in the database (nearly 60 percent), the level of nonstructural damage
exceeded the level of structural damage. The levels of damage were the same at 21
sites. At only four sites was the level of structural damage worse than the
nonstructural damage. Twenty sites suffered no structural damage, but had light to
moderate nonstructural damage.
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Also evident was that level of damage to equipment tended to be equivalent to or less
significant than the structural damage level. Only 14 of the 62 sites had equipment
damage that was rated as higher than the structural damage. The levels of structural
and equipment damage were the same at 26 sites. At 22 sites, the equipment
performed better than the structural system.
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V. CONCLUSIONS AND RECOMMENDATIONS
A. Conclusions

The study examined earthquake-damaged multi-family residences three-story or more
in height affiliated with HUD programs. Approximately three percent of the 9,430
living units located in 211 buildings at 64 sites at which damage occurred were
rendered uninhabitable by the Northridge earthquake. At sites where damage
occurred, 97 percent of the living units remained useable.

No strong correlations were found between level of structural or nonstructural damage
and building age, height, or distance from the epicenter. This does not prove that
such correlations do not exist, but it does indicate that the data in this sample do not
reveal a strong trend. Factors which limit the usefulness of the database for statistical
analysis include:
- the sample includes a limited number of buildings representing certain
combinations of structural system, age, distance, and number of stories,
- the assigned damage state values are based on the engineering judgement of
the investigator, and cover a range of damage rather than specific values, and
- the number of buildings and living units per site varied considerably, and the
condition of all buildings and living units at each site was not uniform.

Damage almost always included cracks in plaster and gypsum surfaces of interior
nonstructural partitions, usually at corners of door and window openings and along
vertical and horizontal joints. Damage to structural systems was generally less
severe.

The level of damage to building equipment, such as water distribution and air
handling systems, was generally lower than the level of nonstructural damage and
about the same as the level of structural damage. Occasionally, collateral damage
occurred due to water or gas leaks. However, only two buildings in the sample were
damaged by fire.

The average structural damage per living unit was higher in unreinforced masonry
buildings than buildings of other systems. Living units in concrete and wood frame
buildings suffered relatively higher levels of nonstructural damage than did buildings
of other systems.

A large variation in performance, even among apparently identical buildings at a
single site, was observed in this study. This finding is not an unusual feature of the
Northridge earthquake; wide variations in performance have been typically observed
following earthquakes.

The unreinforced masonry buildings included in the sample had generally been
seismically rehabilitated before the quake. In Los Angeles, this rehabilitation had
been mandated. In Santa Monica and other non-Los Angeles jurisdictions,
rehabilitation is not mandatory, but is common nevertheless. While no unreinforced
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masonry building in the sample collapsed, two were condemned because of the
severity of the earthquake damage. The goal of seismic rehabilitation for this class of
structures is to protect human life. That goal was achieved during this earthquake; no
one was killed in an unreinforced masonry building. Because there were very few
unreinforced masonry buildings in the affected area that had not been rehabiliated to
some degree before the earthquake, it is not possible to compare the behavior of
rehabilitated to un-rehabilitated buildings in this event. However, the behavior of un-
rehabilitated unreinforced masonry buildings in other earthquakes has demonstrated
the vulnerability of this class of structure. Therefore, considering the small number
of unreinforced masonry buildings that lost protions of walls and suffered other partial
collapses in the Northridge earthquake, it is reasonable to conclude that the
rehabilitation efforts had a positive effect in improving the life-safety of this class of
buildings. The usefulness of the rehabilitations in reducing economic damage cannot
be ascertained from the buildings in this sample.

Poor performance of wood frame buildings with open first-stories used for parking
was observed in some of the buildings in this sample and in other non-HUD-affiliated
buildings. Based on this observed behavior, buildings with this type of vertical
configuration can be identified as potentially vulnerable to earthquake damage.

Among the residential facilities observed in this study, no particularly vulnerable
aspects of structural systems could be identified in concrete, precast concrete, and
reinforced masonry buildings. Vulnerable nonstructural components common to most
types of residential buildings included gypsum board and plaster coverings on non-
bearing walls and exterior stucco, which often cracked at corners of door and window
openings and along horizontal and vertical joints.

Damage to building contents was not included in the scope of this study, however,
anecdotal evidence suggests that personal losses and some injuries could be reduced if
several precautionary steps were taken by residents. The Federal Emergency
Management Agency publishes brochures and booklets aimed at the general public [7,
8], outlining some of these actions such as anchoring bookcases and outfitting cabinet
doors with secure latches.
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B. Recommendations

Damage caused by earthquakes gives the building community an opportunity to study
the efficacy of current practices. The lessons learned can be used to make
improvements in the design and construction of new buildings and the seismic
enhancement of existing buildings. Public and private organizations can also benefit
from the lessons learned by modifying their programs and policies to create a more
earthquake-safe environment.

In considering the potential lessons that can be learned from the performance of
structures during the Northridge earthquake, it is important to consider the larger
context of seismicity nationwide. The lessons learned from Northridge should not be
considered "California-only" lessons. Earthquakes of this magnitude (6.8) can
potentially occur in many other areas of the country. Larger earthquakes can also
occur. For example, it is generally accepted that a rupture along the San Andreas
fault could generate a magnitude 8 or greater event.

The results of this study suggest several actions that HUD may wish to consider.

Learning from Northridge

1. Study the cost of repairing the earthquake-induced damage in residential
buildings. How much was spent repairing the structural damage caused by the
Northridge earthquake? How much was spent repairing the nonstructural damage?
This information, combined with similar information collected after other
earthquakes, will help HUD to estimate future losses from earthquakes. It will
also provide insight into the potential for avoiding economic losses by
implementing pre-earthquake risk-reduction measures.

2. Collect information on a statistically-valid sample of residential structures in the
affected area. Information on a statistically-valid sample of HUD-affiliated and
non-HUD multi-family residential structures in the affected area, including data on
structural system, age, epicentral distance, number of stories, and level of (or
absence of) earthquake damage, would provide a rich source of information for
study. For example, analysis of such an inventory would allow investigators to
determine whether some types of residential buildings were more vulnerable to
this earthquake’s ground shaking characteristics than others. Comparison with
similar studies conducted after other earthquakes would help identify building
response characteristics that were unique to this earthquake, and those that are
common to many earthquakes. By comparing the statistics on the inventory of
non-HUD buildings to the inventory of HUD-affiliated buildings, HUD would be
able to determine whether structures in their programs performed worse or better
than non-HUD buildings. This may provide information useful in assessing
technical requirements of HUD programs.

3. Begin including information on physical characteristics of buildings in HUD
program files. By beginning now to systematically collect information on
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engineering aspects of buildings in HUD programs, some of the vital information
needed for rapid assessment of the engineering impact of future natural or
manmade disasters will be immediately available when the need arises. For
example, having information on age, number of stories, structural system, number
of occupants and location would enable HUD to rapidly screen the buildings in
their programs to determine relative seismic risk exposure. Over the next year,
the Interagency Committee on Seismic Safety in Construction will be developing
guidelines for Federal agencies to use in developing seismic inventories of their
owned and leased buildings. HUD may wish to consider collecting the same types
of information on its assisted buildings as they enter HUD programs.

Improved Materials, Techniques, and Practices

4, Encourage the implementation of known simple and effective earthquake loss-
reduction measures in HUD-affiliated buildings. Some of the economic losses
could have been avoided if simple earthquake-resistant measures had been taken.
For example, improved restraint and anchorage of mechanical units, especially
water tanks, could have reduced some losses.

5. Support the development of improved construction materials, techniques, and
practices, by identifying and funding specific research needs. This study suggests
several areas that are worthy of increased research and development. 1) Many
residents reported being temporarily trapped in their apartments by jammed doors.
The potential impact of door frame racking on exiting capabilities merits further
study. 2) Reducing cosmetic cracks in interior and exterior wall surfaces would
eliminate a significant amount of postearthquake repair expense. For example,
fiber-reinforced gypsum wallboard and joint tape have been suggested as possible
new materials that could reduce cracking. Research into sheathing and wall
surfacing materials should be supported.

Existing Buildings

6. Assess the accuracy of currently available seismic evaluation and rehabilitation
techniques. The data from this study are insufficient to support a recommendation
of mandated seismic evaluation and rehabilitation for HUD-affiliated buildings.
However, HUD could benefit by using this opportunity to investigate the validity
of currently available seismic evaluation and rehabilitation techniques. Such an
assessment would provide insight into whether a mandated rehabilitation program
is reasonable given the current state-of-the-art. It would also point out any
shortcomings in available methods, which could lead to improvements. The
evaluation methods that could be studied are FEMA 178, NEHRP Handbook for
the Seismic Evaluation of Existing Buildings [5], and the rehabilitation guidelines
and commentary currently under development by the Building Seismic Safety
Council (BSSC) and the Applied Technology Council (ATC). These analysis
methods could be used to assess the pre-earthquake capabilities of a cross-section
of earthquake-damaged and undamaged buildings. Can these methods accurately
predict which buildings will perform well and which buildings will be damaged?
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Can they identify the weak links in the damaged buildings? Studying the
performance of buildings that had been rehabilitated prior to the earthquake will
give insight into the effectiveness of currently available pre-earthquake
rehabilitation techniques. There were not enough pre-earthquake rehabilitated
HUD-affiliated buildings in this study to make such a study possible. Examples
would have to be gleaned from non-HUD buildings.

7. Evaluate the cost effectiveness of pre-earthquake seismic rehabilitation. HUD
could benefit by examining the cost and benefit impacts of seismic evaluation and
rehabilitation. (A method for estimating rehabilitation costs and a database of cost
and technical information on over 2000 rehabilitation projects is about to be
published by FEMA as Typical Costs of Seismic Rehabilitation, Second Edition
[6].) Combining information on the costs of pre-earthquake rehabilitation with
information on effectiveness of currently available rehabilitation techniques and
costs to repair earthquake damage, from the studies recommended above, could
aid HUD in determining the most cost-effective approach to dealing with potential
earthquake damage.

New Buildings

8. Study the social and economic COSIS of requiring more stringent earthquake design
and construction requirements. As a significant stakeholder in the country’s
housing inventory, HUD should seek to participate in the process of improving
building codes. Of particular interest to HUD should be the question of whether
building codes should go beyond requirements for life safety and require some
additional level of property protection. A comparison of the social and economic
costs of repairing earthquake-induced damage (gleaned from Northridge and other
earthquakes) to the social and economic costs of requiring more stringent
earthquake protection in new buildings should be performed. Such a study could
indicate whether the increased social and economic COSts of more stringent seismic
requirements are more oOr less disruptive than earthquake-induced damage to
efforts to provide affordable housing.
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Naticnal Institute of Standards & Technology / Building & Fire Research Laboratory

POST-EARTHQUAKE BUILDING PERFORMANCE
ASSESSMENT FORM - INSTRUCTIONS

This form should be filled out as fully as possible by the Field Tnspection Team, Put slashes or "N/A® where items do wot apply;
do not Jeave spaces blank, Talk with the ewner o obtais us mych [nformation as possible. [ts completencss will depend on the
building type. the access and the visible damage. Photos should be included of cach exterior building elevation, and any locationg

where “heavy® damage is visible, as defined below. For each strong motiou site, obtaln or skeich a map of the bleck or blocks
‘surveyed to exaclly ideatify the Jocutions of cach building relative 1o the sirong motion invtrument Distances from the buildings
10 the imstument should be determined wherever possibla.

In somz cases, by the timg the Fisld Tnspection Team mrriver 31 8 bullding, it will alrcady have been thoroughly taspected by &

suuclural engineer hired by the building’s owner. In thesc instanccs, complete the sitc tnformation, give the building an

idcnrification. complcte the *Global Issues/Gencal Damage® Soction and attcrupt to contact the enginecr who has done (he

inspection for the balance of the informeton. Large or muld-story office buildingx, malls, factories, hospitals and city facilities are

most likely 10 hove bad thesc inspections. Smaller buildings such as single family bouscs, Jow-tise aparuments, and wood or light
" stoel framed buildings ave keys likely w have deen thoroughly exami ' ' :

The Post-Esrthquake Building Asscssment Form includes seven scctions as deseribed below:

L Building Site Information. This iaformatlon must be completed on initial visit and corrcctly identify whether the stroct
pame is, g2y, “Swedt” or "Boulevard® 1o avoid confusion, Includs the city as well.

2 Building Occupancy und Construction Infogmation ((anstruction Data, Occupancy, Model Building Type, Performance
Modifiers, Dexcription of Nonstructural Flements)

Mode! Building Type Information is requested in this section and in the Dotafled Damage Descriptiop section. The building being
assessed may have the differcnt Mode! Building Type framing in the NS and BW plan dircctions and on diffcrent floors. As
necessary, fn cach section, eater the appropriate Model Building Type abbreviations, as described in the *Glossary of Termas,” into
onc to four columas corresponding the plan directions and range of floors.

3 Building Plon Skctch Space Is provided for & plan skeich of the building footprint. Note on the sketch the assumed cast-
wesl and porth-sonth directions and & Borth arrow. Each Field Team should cany a compass.

4 Global Isgpes/General Damags, This Soctioa should de descriptive as well as geanttative. Circle the general damage
stats which corresponds to the worst damage to any specific element Estimate the ATC-13 damage statc as defined in the
Glossary of Termus for cach building area as shown. If the building has completely or partially collapsed, complelc and attach the
Lollspsed Building Description scction to document the collapac, including thoughts as to why it occurred. The Deuniled Damage
Descriptiog and Description of Heavy Damuge sccrions need not be filled oot if there is no damagoe or if a total collapsc bas
occurred.  Under Functionality, estimate the percentage uf building space which can or will be usable for its pre-carthquake

purpose fog cach time period shown. If the space can be occupicd for cleanup or repairs oaly, put *“OC" in the spaces provided

s Deyifed Damage Description (Vertical Elements, Horizontal Elements, Connections, Other Structural Damage and
Equipment and Systems Damage). Four columns are provided for the assessment of specific building damage. As nccessary fo
difTercntiate diffcrcaces by direction tn damage of modcl building & pes, separste columns should be filled out for the north-south
and east-west plan directions, and where applicable for changes ia the structora! system over the building height (Le., as wood-
famed spartment strocture ovar a concrete parking garage). For each columu, identify the direction, the level for which cach
specific siructural type spplies (ic., Bascment, Gnd-6th, etc.) and the siructural modc! type as Listed below.

Where asted, circle the appropriate damage stare which comresponds to aach *Damage Classification®, {f s cerain classification
does ot spply to a particulur strucrural type, place a slash through the coll (is., “Tilt-up wall panels fallen ont® would not spply 10
& stect moment frams building). The dumage stazes arc explained in the “Glossary of Terms.”

Where asked, 1) in the best estimate for demage in terms of percentage of bullding, foor o wall srca.

mculvdmideuﬁtymcquipmentndtyﬂemdlmgenﬂelopndmudumim.ifﬁewumghnﬂcﬂbhnppcr
structure aa 1op of a very stifl lower structurc. identify the ground story as the first relatively fexidle Juvel

€ Decription of Heavy Damage. Complel and otach this section to describe all fnstances where *Heavy® i ohosen as &
Damage Classilicarion ia the Detailed Pamaee Description or Globgl rues/Genera! Damage section.

7. Collapsed Building Information. IF the duilding hac completely or partially collapsed, complete and astach this scction o
Gocument the collapse, including thoughts 88 1o why it occurred. .
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Glossary of Terms

Model Building Types, with Abbreviations

Stec] Moment Frame:

Stccl Braced Frame:

Steel Light Frames;

Steel Frames w/ Concrete Shear Walls;
Steel Frames w/ Infill Masonry Shear Wallg:
Coacrele Momen: Frames:

Concrete Shear Wall Buildings:

Concrete Frumes w/ Infill Massary Walls:
Recinforced Masonry Bearing Walls: '
Unreinforced Masonry Bearing Walls
Prycast/liltup Concrete Shewr Walls:

S1 « Stff Disphragms
82 - Suff Diaphragms

§4 - Stff Diaphrapms

$$ - Stff Diaphragms

C1 - Stiff Diaphragms

€2 - SHiff Diaphragms

€3 - suff Diapheagms -
RM1 « Flexible Digphragms
URM « Flexiblc Disphragms
PC1 - Flexible Diaphragms

SIA - Flexible Diaphragms
S2A <Flexible Diaphragms

844 - F lexible Diaphragms
S5A - Flexible Diaphrapms
CIA: - Flexible Disphragms
C2A - Flexible Diuphragms
C3A - Flexible Diaphragms
RM2 - SufT Diaphragms
URMA . Stilf Disphragms
PCLA - StfT Diaphragms

Precast Concrele Frames w/ Concrete Shear Wally: pC2 .

Wood Ligh{ Frame: w1

Commercial or Long Span Wood Frame: w2

Demage Siates, with Abbreviations

N: Noze. No damage is visible, either cosmetic or structurat.

) 3 Insignificunt, Damage¢ requires no more tham cosmelic ropair. No structucy! TepRirs are wecessary, For nonstructural elements thig

would include spackling partirion eracks, picking up spilled conteats, pusting back fallen cciling tiles, righting cquipment, etc.

M: Moderate, Repairable structural damage has occarred,

ceilings, confents, equipment or their anchorages, ete.

The existing elements can be repaired essentislly in place, without substantial
demolition or replacement of elements. For nonstructyral

clementy this would include minor replacement of dumaged partitions,

N; Beavy. Damage is 30 extensive that repair of elements iy cither not feasible or requires major demolition or replscement, For
onstructural eleroents this would include major or complete roplacement of damascd partitions, ccilings, conteats, equipment or
their anchonges, ctc. Completc and aitach the shees titled, *Description of Heavy Damage® 10 describe al] instances where

“Heavy" is chosen. Include photos where possible,

Qocupancy Typex, with Abbreviations

A Apartment AR: Aglo Repair

D: Dweclling DC: Data Center
GS: Gas Sation GV Government
HL: Hotel M Maoufacturing
R: Resuaynant RS: Retail

T: Theuire u: Utility

OTH: Other

Building Udentification Namber

Eonn:  Sution - Ingpector - Scquential Nomber

Sttion: Agency and Station Number
Inspector: Usc Intials of Team Leoader
Sequential Number: Number in the order inspectod
ATC-13 Dangge Statey

3 None % 2 Slight
4 Moderax (0% - 30% s Hesvy
7 Destroyed 100%

C: Church
G: Garage
PR B Hospital
D « A Office
S: School
w: Warchouse
For Exemple: $386-ER-1
S = CSMIP as = USGs U=uUsC
0% - 1% 3 Light 1% -10%
0% - 0% 6 Mgjor  60% - 100%

Applied Technology Council: ATC-38



National Institute of Standards & Technology / Building & Fire Research Laboratory
ATC-38 POSTEARTHQUAKE BUILDING PERFORMANCE

_ASSESSMENT FORM
Building Site Information [1]
Inspector(s) . Date Bldg. ID# Page of
Exact Address City Building Name

Exterior Survey only ____ Ext. and int. Survey ___  Related Strong Motion Record (Station ID)

Existing Posting Placard Photo 1.D. &s
Building Owner/Manager Contact Phone
Civil/Structural Engineer for Repalr, if Known Phone

General Damage Classification[2] N | M H (Repeat on next shcef)
Building Occupancy and Construction Information

Construction Data [8]
cD DD N NB 1Y) FDN PLANT | PLAN2 | AREA oC OCC

CD = Construction date ‘FDN = Foundation type, if known
DD = Design date PLAN1,2 = Overall plan dimensions, XX by XX f,
N = Number of stories : AREA = Approximate overall building area
NB = Number of basement levels OC = Occupancy type (see instructions)
LU = Number of living units, if applicable OCC = Occupied prior to earthquake? - Y of N

Model Bullding Type [4]

Indicate below the Model Building Type (MBT) abbreviation for each plan direction and for each range of fioors.
Range of floors may be the same for side-by-side differing MBT's.
(Enter this information again, as needed, in the "Detailed Damage Descripfion” section.)

Plan Direclion - NS EW “ NS Ew
Floor Levels to to to to
Mode! Building Type .

Performance Modifiers |

Describe Seismic Structural Retrofit, if present and known

LA

Vertical Conditions [5] - YorN Plan Vulnerabilities [6] - Yor N
— Discontinuous ColumnsIWaus — Open Front Plan
— Plan setbacks — Other Torsional
‘e Potential for pounding Imbatance
—— Selsmic expansion joints — Plan irregularities
Other —_ Other

Pre-earthquake Bldg. Condition [T]-Y or N

— Deterioration of Structure e
— Previous Earthquake Damage

. Other

Comments - Reference bracketed [ ] heading number »
[ ; ]

PROVIDE A PLAN SKEYCH
OF BUILDING, WITH NORTH ARROW




National Institute of Standards & Technology / Building & Fire Research Laboratory -
Building Occupancy & Construction Information (cont)  Bldg. ID# Page  of

Description of Nonistructural Elements [8]
Exterior Cladding/Glazing: Stucco___ Wood Product ___ Curtain Wall ___ Other
Partitions: Gypsum Board on Studs ___ Plaster on Studs ___ Other
Ceilings: Gypsum Board ___ Plaster___ Suspended Acoustical Tile ___ Other

Exislence of Fixed Building Systems and Equipment- Y or N

Standard Plumbing, Electrical, Lighting, HVAC Elevators
Fire Protection Chimneys
Major Fixed Equipment

Describe Unusual Contents

GLOBAL ISSUES / GENERAL DAMAGE

DAMAGE CLASSIFICATION DAMAGE STATE
General Damage [9] N I M H
(Attach Detsiled Damage Form for M and H)
ATC-13 Damage States Structural ____ Nonstruct. ___ Equip. ___ Contents
Complete or Partial Collapse (% Floor Area)
Complete "COLLAPSED BUILDING % Floor Area
DESCRIPTION' Form
(Do not include cripple wall failure - use below)
Building Off Foundation (Y of N, Uescribe)
(Cripple Wall Failure) Y N
Any Slory Sigmilicantly Out of Plumb -
(Y or N, Describe) YN _
Obvious Significant Damage to Primary -
Structural members (Y or N, Describe) Y N . ~
Hazards from Precanious, T
Exposed or Free Chemicals,
Gas, Power, Asbestos, etc. (Y or N, Describé) Y N .
Damage to: Parapets B ~
Chimney
Exterior Non-bldg.
Structures
Pounding Damage (Y or N, Describe) Y N
"‘DAM. TO NON-STRUCTURAL ELEMENTS [10] TOP STORY GROUND STORY
Cladding Separation or Damage (%of Wall Area) S S
Damage to Partitions (Y or N, Describe) Y N P YN
Damage to Windows(% of Windows) | & 0
Damage o Lights and Ceilings (Y or N, Desaibe)HTV'T Y N
Spilling of Building Contents (Y or N, Describe) Y N YN
INJURIES OR FATALITIES [11] Minor Injuries Fatalities _____
{(Numbers, "un” if unknown Injuries requiring hospitalization ___ _
FONCTIONALITY (123 | TIME ~ % of Usable Space
Estimated Time until Restoration of immediate
Usable Space (from occurance of earthquake, 1-3 Days
assuming work begins immediately). <1 Week
Put "OC" if space is occupiabie but not usable ] <1 Month
to conduct business. 1-8 Months
Reason for closure Time until fully oc., if >6 mo.
Observed Geotechnical Failures { Y or N, Describe)
Lateral Ground MovementFissures
Buckied Sidewalks
Ground Settiement
Separation Between Building and Ground
Liquefaction Indicators




National Institute of Standards & Technology / Building & Fire Research Laboratory™ -

ATC-38 - DETAILED DAMAGE DESCRIPTION

Bidg. ID#
Page ___of __

Dir. Dir. Dir. Dir.
DAMAGE CLASSIFICATION Level ___ Level Level Level ___
Type___ | Type.__ | Type__ | Type __
VERTICAL ELEMENTS
Racking of Main Walis NIMHA IMHINIT MHIN I M H
Racking of Cripple Walls NI MH IMHINI MHINI M
Buckling, Crippling, Tearing of
Steel] Beams, Columns or Braces NIMHINIMHINI MHINI MH
Spalling or Cracking of
Concrete Columns or Beams NIMHINIMHINIMHINI MH
Column Crushing Due to Overtuming or
Discontinuous Lateral Resisting Elements NIMHINI MHINIMHINI M H
Shear Cracking in Short Columns NIMHINIMHINI MHINI MH
Cracked Shear Walls
(% of Walls with Cracks) % % % . %
(% of: Construction Cracks / Diagonal Cracks) % % % % % % %/ %
(Damage State of Cracked Walls) NIMHINIMHINIMHINI MH
Evidence of Shear Wall Rocking NIMHINIMHINITMHINIMRBH
Damage to Shear Wall Boundary Elements NIMHINIMHINIMHI|NIMBH
Shear Wall Coupling Beams Damaged NIMHINIMHINI MHINIMH
# of Tiltup Wall Panels Leaning or Fallen Out
% of Yitiup Wall Panels Leaning or Falling Out % % % %
Infill Walls Damaged or Fallen Out NEMHINIMHI{NIMHINIMH
HORIZONTAL ELEMENTS
Roof Collapse (% of Diaphragm) ' % of Diaphragm
Floor Collapse (% of Diaphragm) % of Diaphragm
Loss of Vertical Roof Support
(% of Roof Area Affected) % of Roof Area Affected
Damage at Re-eatrant Corners NIMHINIMHINIMHINI MH
Tearing of Diaphragms at Other Points of
High Stress or at Openings (% of Diaphragms) % of Diaphragm
Failures of Collectors at Walls NIMHINIMHINIMHINI MH
Cross Grain Bending Damage at Roof-to-Wall
Connections (% of Connection Length) % % % %
Other Damage in Diaphragms (Describe)

Note: Attach sheet titled"Description of Heavy Damage

fAvondh

" to describe instances where "H" is selected.




National Institute of Standards & Technology / Building & Fire Research Laboratory” *

Bldg. ID#
Page ____of __
Dir. Dir. Dir. Dir.
DAMAGE CLASSIFICATION Level __ | Level___ | Level __ Level ____
Type___ | Type__ | Type___ | Type __
CONNECTIONS
Girder-Column Connection Damage,
Including Panel Zones NIMHINIMHINIMHINIMH
Column Splice Damage INIMHINIMHINITMHINI MH
Damage 1o Brace Connections NIMHINIMHINIMHINIMH
Failure of Column-to-Foundation
Connections NI MHINIMHINIMHINI MH
Damage 1o Connections of Precast Elements
that are Part of the Lateral Force Resisting System NIMHINIMHINIMHINITIMH
FOUNDATION DAMAGE
Foundations Cracked or Otherwise Damaged NIMHINIMHINIMHINI MH
Slabs-on-Grade Cracked or Otherwise Damaged NIMHINIMHINIMHINI MRH

EQUIPMENT AND SYSTEMS DAMAGE

Electrical Equipment Damage Including
Backup Generators

TOPSTY: NI MH

GNDSTY: NI MH

Darmage to Boilers, Chillers, Tanks, etc.

TOPSTY: NIMH

GNDSTY: NIMH

HVAC Damage {Fans, Ducts)

TOPSTY: NIMH

GNDSTY: NI M H

Damage to Water and Sprinkler Lines
and Fire Pumps

TOPSTY: N I M H

GNDSTY: NI MH

Elevator Equipment Damage ( Car and

PENTHOUSEEQUIP: NI M H

Counterweight Rails, Cars, Penthouse Equipment) CARSANDRAILS; NIMH

Note: Attach sheet titled"Description of Heavy Damage® to describe instances where °“H" Is selected.

Notes :
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) DESCRIPTION OF HEAVY DAMAGE
INCLUDE PICTURES OF REAVY DAMAGE WHERE POSSIBLE
Building ID:
Page of
DAMAGE CLASSIFICATION:
DESCRIPTION OF DAMAGE: __
DAMAGE CLASSIFICATION:
DESCRIPTION OF DAMAGE:
'
DAMAGE CLASSIFICATION: 4
DESCRIPTION OF DAMAGE:

ARaSind Tackart. =
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COLLAPSED BUILDING DESCRIPTION

MODEL BUILDING TYPE: - Building 1D:
Page of

NUMBER OF STORIES ORIGINALLY:
BUILDING DESCRIPTION:

COLLAPSE DESCRIPTION

SPECULATED REASON FOR COLLAPSE: ¢
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